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PROBLEM TO BE SOLVED: To provide a radio / \ | 

communication system which uses both PDMA and 
CSMA methods and can improve the frequency usage 
efficiency. 

SOLUTION: While a base station 2 transmits a second 
radio wave Scs towards the incoming direction of a first 
radio wave Sup, mobile stations 3 conduct carrier- 
sensing to the second radio wave Scs, and transmit the 
first radio wave Sup only when they do not receive the 
second radio wave Scs. According to this arrangement, 
simultaneous transmission by mobile stations 3 each 
other, which cannot separate signals because of small 
direction difference from the base station 2, is prevented, 
and space division multiplex is conducted to mobile s .\ \ i i 

stations 3 each other, which have large direction & i ' _ / 

difference from the base station 2. Hence, the frequency 
usage efficiency can be improved. >y\ i 
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(57) ABSTRACT 

A radio communications system which can improve the 
frequency utilization efficiency by combined use ol the 
PDMAsystem and the CSMAsystem. Concurrently with the 
transmission of a second radio wave by the base station in 
the arrival direction of a first radio wave, carrier sense is 
performed by mobile stations in regard to the second radio 
wave. By designing the system so that the first radio wave 
is transmitted only when the second radio wave is not 
received, simultaneous transmissions are prevented among 
those mobile stations which have such small directional 
differences from the base station that signals cannot be 
separated, while those mobile stations with large directional 
differences from the base station are carried out space- 
division multiplexing. In this way, the frequency utilization 
efficiency can be improved. 
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RADIO COMMUNICATIONS SYSTEM, BASE 
STATION, MOBILE STATION, TRANSMISSION 
CONTROL METHOD, AND TRANSMISSION 
CONTROL PROGRAM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present document is based on Japanese Priority 
Document JP2001-292343, filed in the Japanese Patent 
Office on Sep. 25, 2001, the entire contents of which being 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] The present invention relates to a radio communi- 
cations system, a base station, a mobile station, a transmis- 
sion control method, and a transmission control program; for 
example, the present invention is suitable for application to 
a radio communications system employing a space-division 
multiplexing system. 

[0004] 2. Description of the Related Art 
[0005] Recent years have seen an increase in traffic having 
high-speed and high burst property such as packet commu- 
nications. As a radio communications system accommodat- 
ing traffic of such high burst property, there is available the 
TDMA'TDD system fixedly performing frequency alloca- 
tion which often entails inconvenience. 
[0006] Consequently, as a multiple access system for 
applying a radio communications system having traffic of 
high burst property, the CSMA (Carrier Sense Multiple 
Access) system may be considered. In this CSMAsystem, if 
a mobile station desires to carry out transmission, whether or 
not any other mobile station is in the process of performing 
the transmission is determined in advance by carrying out 
reception of a carrier wave (this operation is referred to as 
"carrier sense"); and if a received power is less than a 
predetermined value, it is considered that the other mobile 
station is not in the process of performing the transmission 
(this status is referred to as "idle"), hence, the transmission 
is carried out. 

[0007] On the other hand, if the received power from the 
mobile station exceeds the predetermined value, it is deter- 
mined that the other mobile station is in the process of 
performing the transmission (this status is called "busy"), so 
that the station starts its transmission after the transmission 
of the other mobile station is complete or alter a lapse of 

[0008] By these operations, the CSMA system makes 
effective use of an allocated frequency for traffic of high 
burst property, thereby contributing to improving the fre- 
quency utilization efficiency. 

[0009] Now, on the other hand, techniques of improving 
receiving property by controlling the directivity of an 
antenna with an adaptive array antenna to eliminate inter- 
ference waves and other factors are under research. 
[0010] Take a radio communications system based on the 
TDMA'TDD (Time Division Multiple Access/Time Divi- 
sion Duplex) system for instance. It is considered to employ 
the TDD characteristic of utilizing the same frequency for 



both transmission and reception so that the transmission may 
be made by applying the directivity of an array antenna 
which is obtained when the base station receives a signal 
from the mobile station. Installation of the array antenna in 
the base station makes it possible to gain effects of the 
adaptive array antenna in both transmission and reception 
even if a normal omnidirectional antenna is provided in the 
mobile station. 

[0011] Further, the PDMA (Path Division Multiple 
Access) system which divides a space by controlling the 
directivity by means of the adaptive array antenna so as to 
use the same frequency simultaneously has been considered. 
For example, if the PDMA system is applied to a commu- 
nications system of the TDMA/TDD method having a total 
of 8 slots with 4 slots for uplink (transmission from the 
mobile stations to the base station) and 4 slots for downlink 
(transmission from the base station to the mobile stations), 
communications between a plurality of mobile stations and 
the base station can be carried out within one slot, thus 
enabling the frequency utilization efficiency to be improved 

[0012] In the PDMA system, since space division is per- 
formed by employing the directivity of an array antenna, it 
must be noted that if the PDMA system has directions of the 
two mobile stations in close proximity when viewed from 
the base station, the same slot cannot be allocated to these 
two mobile stations. 

[0013] Consequently, the radio communications system in 
accordance with the PDMA system is so designed that the 
base station preliminarily-detects the direction of each 
mobile station so as to allocate the same slot to those mobile 
stations having a certain degree of angular difference. 

[0014] If the CSMA system is applied to the above- 
mentioned PDMA system, a further improvement of the 
frequency utilization efficiency can be possibly accom- 
plished. 

[0015] However, the PDMA system is based on the 
premise of application to the TDMA'TDD system, and not 
suited to traffic with high burst property such as packet 
communications suitable for the CSMA system. 

[0016] Namely, in the CSMA system, since the transmis- 
sion from other mobile stations is inhibited while the trans- 
mission is being carried out by one mobile station, the base 
station cannot detect an azimuth of plural base stations at the 
same moment. Herein lies a problem that space division 
multiplexing by means of the PDMA system is not appli- 
cable at least to the uplink. 

SUMMARY OF THE INVENTION 

[0017] The present invention has been made in view of an 
above-mentioned need and proposes a radio communica- 
tions system, a base station, a mobile station, a transmission 
control method and a transmission control program which 
can improve the frequency utilization efficiency by com- 
bined use of the PDMA system and the CSMA system. 

[0018] In the present invention which provides ways and 
means of coping with the need, a radio communications 
system comprises a base station and a plurality of mobile 
stations carrying out communications with the base station. 
The base station comprises a first radio wave receiving 
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means for receiving a first radio wave transmitted by a 
mobile station, an arrival direction detecting means for 
detecting an arrival direction of the first radio wave received, 
and a second radio wave transmitting means for transmit- 
ting, upon receiving the first radio wave, a second radio 
wave having a frequency different from a frequency of the 
first radio wave in the arrival direction of the first radio wave 
detected. Each of the mobile station comprises a first radio 
wave transmitting means for transmitting a first radio wave, 
a second radio wave receiving means for receiving a second 
radio wave, and a transmission control means for controlling 
the first radio wave transmitting means so as to stop the 
transmission of the first radio wave, when the second radio 
wave receiving means is receiving the second radio wave. 
[0019] The system is so designed that while the base 
station transmits the second radio wave in the arrival direc- 
tion of the first radio wave, the mobile stations perform 
carrier sense with respect to the second radio wave and the 
first radio wave is transmitted only when the second radio 
wave is not being received. As a result, simultaneous trans- 
missions are prevented among those mobile stations having 
too small directional differences with the base station to 
separate signals, and space division multiplexing is per- 
formed with respect to those mobile stations having large 
directional differences, thereby improving the frequency 
utilization efficiency. 

[0020] Further, other objects and effects of the present 
invention will be apparent from the following detailed 
description. 

[0021] As apparent from the above-mentioned descrip- 
tion, it is a feature and advantage of the radio communica- 
tions system according to the present invention that the base 
station transmits the second radio wave in the arrival direc- 
tion of the first radio wave, while, at the same time, the 
mobile station performs career sense operation with respect 
to the second radio wave so that the first radio wave is 
transmitted only when the second radio wave is not being 
received, whereby simultaneous transmissions are prevented 
among those mobile stations having too small directional 
differences with the base station to separate signals, space- 
division multiplexing being performed with respect to those 
mobile stations having large directional differences with the 
base station. In this manner, improvement of the frequency 
utilization efficiency of a radio communications system can 
be accomplished. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] FIG. 1 is a schematic diagram showing the overall 
configuration of a radio communications system according 
to the present invention; 

[0023] FIG. 2 is a block diagram showing the configura- 
tion of a base station according to the present invention; 
[0024] FIG. 3 is a block diagram showing the configura- 
tion of a mobile station according to the present invention; 

[0025] FIG. 4 is a schematic diagram showing transmit- 
ting timing of a carrier sense wave. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 
[0026] An embodiment of the present invention will now 
be described below with reference to the accompanying 
drawings. 



[0027] 1. Configuration of a Radio Communications Sys- 

[0028] In FIG. 1, there is shown a radio communications 
system 1 according to the present invention which comprises 
a base station 2 having an adaptive array antenna and a 
plurality of mobile stations 3 (3A-3N), each carrying a 
omnidirectional antenna. 

[0029] The radio communications system 1 is so designed 
to improve frequency utilization efficiency by jointly 
employing multiple accesses according to the CSMA system 
and space-division multiple accesses according to the 
PDMA system. 

[0030] Namely, each of the mobile stations 3, prior to 
transmitting an uplink wave Sup, performs carrier sense 
with respect to carrier sense wave Scs, which is a charac- 
teristic feature of the present invention, and only when it is 
determined after performing career sense operation that 
those mobile stations 3 located in the vicinity are not 
carrying out any transmission, the omnidirectional transmis- 
sion of the uplink wave Sup to the base station 2 is 
performed. 

[0031] The base station 2 receives the uplink wave Sup as 
a first radio wave and detects its arrival direction according 
to, for example, the Standard MMSE (Minimum Mean 
Square Error). Then, the base station 2 directs a downlink 
wave Sdown, via the adaptive array antenna, in the arrival 
direction of the uplink wave Sup, and transmits it. 
[0032] Simultaneously, at this instant, the base station 2 
directs a carrier sense wave Scs having a frequency different 
from a frequency of the downlink wave Sdown in the arrival 
direction of the uplink wave Sup and transmits it. 
[0033] In this manner, the base station 2 transmits the 
carrier sense wave Scs as a second radio wave in a direction 
toward the mobile station 3 transmitting the uplink wave 
Sup. And the other mobile stations 3, by performing a carrier 
sense operation on this carrier sense wave Scs, prevents 
simultaneous transmissions among those mobile stations 3 
whose azimuth from the base stations are in close proximity 
to one another, thus realizing simultaneously the CSMA 
system and the PDMA system. 
[0034] 2. Base Station Configuration 
[0035] Next, referring to FIG. 2, configuration of the base 
station 2 will be described. 

[0036] FIG. 2 shows the base station 2 according to the 
present invention including transmitting/receiving antenna 
elements 4A-4N constituting as a whole an array antenna of 
N-elements. There are receiving front ends 6A-6N and 
transmitting front ends 7A-7N respectively connected to the 
transmitting/receiving antenna elements 4A-4N via respec- 
tive duplexers 5A-5N. 

[0037] After the amplification, frequency conversion, and 
demodulation of the uplink wave Sup received via respec- 
tive antenna elements 4A-4N, the receiving front ends 
6A-6N carry out digital conversion to generate received 
signals S6A-S6N. These signals are supplied to M units of 
receiving adaptive array processors 8A-8M having the same 
configuration. 

[0038] The receiving adaptive array processors 8A-8M as 
a first radio wave receiving means function independently of 
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■s Sup 

[0039] Namely, a receiving weighting factor computing 
unit 9 of the receiving adaptive array processors 8A-8M 
calculates proper weighting factors S9A-S9N for received 
signals S6A-S6N based on the received signals S6A-S6N, a 
post-synthesis received signal Sll outputted from an adder 
11 in a later phase, and a reference signal S8 consisting of 
existing correct signals, and supplies respective factors to 
corresponding weighting factor multipliers 10A-10N. 

[0040] After multiplying respective received signals S6A- 
S6N by the weighting factors S9A-S9N, the weighting 
factor multipliers 10A-10N outputs the values obtained to 
the adder 11. The adder 11 controls the receiving directivity 
of the entire transmitting/receiving antenna elements 4A-4N 
by synthesizing the received signals S6A-S6N to generate 
the received signals Sll. 

[0041] In this manner, the receiving adaptive array pro- 
cessors 8A-8M spatially separate those uplink waves Sup 
transmitted from respective corresponding mobile stations 3 
from the other uplink waves Sup and receive them. 

[0042] A signal processor 12 inputs the received signals 
Sll outputted from respective receiving adaptive array 
processors 8A-8M, performs error correction, decoding, and 
other processing for respective signals, then outputs them to 
a circuit of a later phase. 

[0043] In addition, the signal processor 12, after applying 
various processing such as error correction and coding to 
transmitting signals S7 inputted from the circuit of the 
previous phase, supplies them to the M units of the trans- 
mitting adaptive array processors (not illustrated) having the 
same configuration. 

[0044] Each transmitting adaptive array processor sepa- 
rates respective transmitting signals S7 into respective trans- 
mitting signals of the N systems. These signals are then 
multiplied by the corresponding weighting factors S9A-S9N 
calculated in the corresponding receiving adaptive array 
processors 8A-8M and supplied as transmitting signals 
S7A-S7N to corresponding transmitting front ends 7A-7N. 

[0045] After carrying out processing such as analog con- 
version, modulation, frequency conversion, and amplifica- 
tion processing on respective transmitting signals S7A-S7N, 
the transmitting front ends 7A-7N supplies them as down- 
link waves Sdown via corresponding transmitting/receiving 
antenna elements 4A-4N. 

[0046] In this manner, the transmitting adaptive array 
processors spatially separate the uplink waves Sup and 
transmit them to respective corresponding mobile stations 3. 

[0047] In addition to the configuration described above, 
for purposes of transmitting the above-mentioned carrier 
sense waves Scs, there are available in the base station 2 a 
carrier sense wave adaptive array processor 15 as well as 
carrier sense wave antenna elements 21A-21N as a second 
radio wave transmitting means. 

[0048] An arrival direction estimating unit 16 of the 
carrier sense wave adaptive array processor 15 calculates 
respective arrival directions (i.e., a direction of each mobile 
station 3 in the process of performing the t 
the uplink waves Sup transmitted by the mobile s 



based on the received signals S6A-S6N, and supplies them 
to a transmitting weighting factor computing unit 17 as 
arrival direction information S16. 

[0049] The transmitting weighting factor computing unit 
17 calculates weighting factors S17A-S17N so that sharp 
directivity will generate, respectively, in a plurality of arrival 
directions indicated with the arrival direction information 
S16 and supplies respective data to corresponding weighting 
factor multipliers 19A-19N. 

[0050] A weighting factor for providing directivity in one 
direction is expressed by the following equation: 



[0052] And the weighting factor for providing directivity 
in a plurality of directions is expressed by the following 
equation: 

W=W(d(l))+W(6(2))+W(6(3)) (2) 

[0053] where its directions are 9(1), 9(2), and 9(3). 



[0054] Based on equation (2), the transmitting weighting 
factor computing unit 17 calculates the weighting factors 
S17A-S17N so that sharp directivity will generate in a 
plurality of arrival directions. 

[0055] On the other hand, a distributor 18 of the carrier 
sense wave adaptive array processor 15 separates a carrier 
sense wave signal SI comprising a sinusoidal wave supplied 
from a signal generator (not illustrated) into transmitting 
signals S15A-S15N of the N systems and supplies them to 
respective corresponding weighting factor multipliers 19A- 
19N. 

[0056] The weighting factor multipliers 19A-19N, after 
multiplying respective transmitting signals S15A-S15N by 
the weighting factors S17A-S17N, supply the values 
obtained to corresponding front ends 20A-20N for carrier 



[0057] After carry out analog conversion, modulation, 
frequency conversion, and amplification processing on 
respective transmitting signals S15A-S15N, the front ends 
20A-20N for carrier sense wave transmit the values obtained 
as carrier sense waves Scs via corresponding carrier sense 
wave antenna elements 21A-21N. 



[0058] 



s Scs in the arrival dire 



[0059] 3. Configuration of the Mobile Statioi 



[0061] FIG. 3 shows a mobile station 3. To a transmitting 
antenna element 30, there are respectively connected a 
receiving front end 32 and a transmitting front end 33 via an 
antenna duplcxcr 31. 

[0062] The receiving front end 32 carries out amplifica- 
tion, frequency conversion, and modulation on the downlink 
wave Sdown and the carrier sense wave Scs received via the 
ing/receiving antenna element 30, then, performs 
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digital conversion to generate a received signal S32 to be 
supplied to the signal processor 35 as a second radio wave 
receiving means. 

[0063] The signal processor 35 applies frequency analysis 
such as FFT (Fast Fourier Transform) to the received signal 
S32 and separates it into a component of the downlink wave 
Sdown and a component of the carrier sense wave Scs. 
[0064] And the signal processor 35 generates a downlink 
received signal S35 by treating the separated component of 
the downlink wave Sdown with various processing such as 
error correction and decoding, and outputs it to a circuit of 
the later phase. Also, the signal processor 35 supplies 
received power information of the separated carrier sense 
wave Scs to a control unit 34. 

[0065] Further, after carrying out various processing such 
as error correction and coding on transmitting signals S36 
inputted from the circuit of the previous phase, the signal 
processor 35 as a first radio wave transmitting means 
supplies them to the transmitting front end 33. The trans- 
mitting front end 33 applies the analog conversion, demodu- 
lation, frequency conversion, and amplification processing 
to respective transmitting signals S36 and transmits them as 
the uplink wave Sup via the transmitting/receiving antenna 
element 30. 

[0066] Al this point, the control unit 34 as a transmission 
control means, according to a transmission control program 
stored in a built-in ROM (Read Only Memory), performs 
career sense operation with respect to the carrier sense wave 
Scs prior to the transmission of the uplink wave Sup. 
[0067] Namely, the control unit 34 of the mobile station 3 
compares the received power level of the carrier sense wave 
Scs with a predetermined received power reference value. 
Should the received power level of the carrier sense wave 
Scs fall below the received power reference value, the 
control unit 34 determines that the carrier sense wave Scs is 
not transmitted in the direction of the mobile station 3, with 
no presence of other mobile stations 3 in the process of 
performing the transmission in the direction of the mobile 
station 3 when viewed from the base station 2, and thereby 
controls the signal processor 35 to cause the uplink wave 
Sup to be transmitted. 

[0068] If, on the other hand, the received power level of 
the carrier sense wave Scs exceeds the received power 
reference value, the control unit 34 of the mobile station 3 
determines that the carrier sense wave Scs is being trans- 
mitted in the direction of the mobile station 3 with the 
presence of other mobile stations 3 in the process of per- 
forming the transmission in the direction of the mobile 
station 3 when viewed from the base station 2, and thereby 
controls the signal processor 35 to stop the transmission of 
the uplink wave Sup. 

[0069] 4. Carrier Sense Operation in the Radio Commu- 
nications System 

[0070] Again, referring to FIG. 1, carrier sense operation 
in the radio communications system according to the present 
invention will be described in detail. 
[0071] In the radio communications system 1, if a mobile 
station 3A is to start transmitting the uplink wave Sup, the 
mobile station 3 A will perform career sense operation to the 
carrier sense wave Scs during a carrier sense period of time 
shown in FIG. 4. 



[0072] If it is determined as a result of career sense 
operation that no carrier sense wave Scs has been transmit- 
ted in the direction of the mobile station 3A, the mobile 
station 3A carries out the omnidirectional transmission of 
the uplink wave Sup of packet structure shown in FIG. 4. 

[0073] Upon receiving the uplink wave Sup from the 
mobile station 3A, the base station 2 directs synthetic 
directivity of the transmitting/receiving antenna elements 
4A-4N in the direction of the mobile station 3A, and at the 
same time, after a lapse of predetermined standby time Dl, 
transmits the carrier sense wave Scs from the carrier sense 
antenna elements 21A-21N in the direction of the mobile 
station 3A. 

[0074] Under these circumstances, a mobile station 3B 
having a small directional difference with the mobile station 
3A when viewed from the base station 2 has such a high 
received power level of the carrier sense wave Scs that the 
transmission is in the impossible state, whereas the mobile 
stations 3C-3N having large directional differences with the 
mobile station 3A have such low received power levels of 
the carrier sense waves Scs that the transmission is in the 
possible state. 

[0075] Further, when the mobile station 3N in the trans- 
mission possible state transmits the uplink wave Sup, the 
base station 2 responds by transmitting the carrier sense 
waves Scs in the directions of the mobile stations 3A and 3N. 
[0076] Still further, when the reception of the uplink wave 
Sup stops, after a lapse of standby time D2, the base station 
2 stops transmitting the carrier sense waves Scs. 

[0077] 5. Operation and Effect 

[0078] In the above-mentioned configuration, the mobile 
station 3 of the radio communications system 1 carries out 
career sense operation with respect to the carrier sense wave 
Scs prior to transmitting the uplink wave Sup. 
[0079] If the received power level of the carrier sense 
wave Scs falls below the received power reference value, the 
mobile station 3 starts transmitting the uplink wave Sup on 
an assumption that the carrier sense wave Scs is not trans- 
mitted by the base station 2 in the direction of the mobile 
station 3 with no presence of other mobile stations in the 
process of performing the transmission in the direction of 
the mobile station 3 when viewed from the base station 2. 

[0080] Upon receiving the uplink wave Sup, the base 
station 2 transmits a carrier sense wave Scs of sharp direc- 
tivity in the arrival direction of the uplink wave Sup. 

[0081] If, on the other hand, the received power level of 
the carrier sense wave Scs exceeds the received power 
reference value, the mobile station 3 stops transmitting the 
uplink wave Sup on an assumption that the carrier sense 
wave Scs is being transmitted from the base station 2 in the 
direction of the mobile station 3 with the presence of other 
mobiles stations 3 in the process of performing the trans- 
mission in the direction of the mobile station 3 when viewed 
from the base station 2. 

[0082] In the configuration described above, the base 
station 2 is designed to transmit the carrier sense wave Scs 
in the arrival direction of the uplink wave Sup. At the same 
time, the mobile station 3 is designed to perform career 
sense operation with respect to the carrier sense wave Scs, 
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so that if the received power thereof falls below the prede- 
termined value, the uplink wave Sup is transmitted, and if 
the received power thereof exceeds the predetermined value, 
the transmission of the uplink waves Sup is stopped, thereby 
preventing simultaneous transmissions among those mobile 
stations 3 having too small directional differences when 
viewed from the base station 2 to separate signals. In case of 
those mobile stations 3 having large directional differences 
when viewed from the base station 2, space-division mul- 
tiplexing by means of the PDMA system can be imple- 
mented. 

[0083] 6. Other Embodiments 

[0084] In the preferred embodiment described-above, the 
adaptive array antenna is employed to transmit the downlink 
wave Sdown and the carrier sense wave Scs and to receive 
the uplink wave Sup. While the invention has been particu- 
larly shown and described with reference to the preferred 
embodiment, it will be understood that the present invention 
is not limited thereto with various modifications to be made 
therein. For example, a sector antenna constituted by a 
plurality of antenna elements having directivity may be put 
to use. In this case, too, the carrier sense wave Scs can be 
transmitted with directivity in the arrival direction of the 
uplink wave Sup, and the same effects as the preferred 
embodiment can be achieved. 

[0085] Further, in the above-mentioned embodiment, it is 
so designed that the career sense operation is performed 
according to a transmission control program stored in a 
ROM built in the control unit 34 of each mobile station 3 so 
as to implement transmission control of the uplink wave 
Sup. The present invention is not limited in its application. 
Another modification may include implementation of the 
transmission control by installing in the mobile stations 3 a 
program storage medium in which the transmission control 
program is stored. 

[0086] For program storage media for installing the trans- 
mission control program in the mobile stations 3, there are, 
for example, not only package media such as a floppy disc, 
a CD-ROM (Compact Disc-Read Only Memory), and a 
DVD (Digital Versatile Disc) but also a semiconductor 
memory, a magnetic disc, and other media in which the 
transmission program can be temporarily or permanently 



What is claimed is: 

1. A radio communications system comprising of a base 
station and a plurality of mobile stations carrying out 
communications with said base station, wherein: 

said base station comprises: 

a first radio wave receiving means for receiving a first 
radio wave transmitted by said mobile stations; 

an arrival direction detecting means for detecting an 
arrival direction of said first radio wave received; 

a second radio wave transmitting means for transmit- 
ting, when said first radio wave is received, a second 
radio wave having a different frequency from a 
frequency of said first radio wave in the arrival 
direction of said first radio wave detected; and 



said mobile stations, each comprises: 

a first radio wave transmitting means for transmitting 
said first radio wave; 

a second radio wave receiving means for receiving 
said second radio wave; and 

a transmission control means for stopping, when said 
second radio wave is being received by said 
second radio wave receiving means, the transmis- 
sion of said first radio wave by controlling said 
first radio wave transmitting means. 

wherein: 

said first radio wave receiving means and said second 
radio wave transmitting means comprise an adaptive 

3. A base station carrying out communications with a 
plurality of mobile stations, comprising: 

a first radio wave receiving means tor receiving a first 
radio wave transmitted by said mobile stations when 
said mobile stations are not receiving a predetermined 
second radio wave; 

an arrival direction detecting means tor detecting the 
arrival direction of said first radio wave received; and 

a second radio wave transmitting means for transmitting, 
when said first radio wave is received, said second 
radio wave having a different frequency from a fre- 
quency of said first radio wave in the arrival direction 
of said first radio wave detected. 

4. A base station according to claim 3, wherein: 

said first radio wave receiving means and said second 
radio wave transmitting means comprise an adaptive 

5. A transmission control method, comprising: 

an arrival direction detecting step of detecting an arrival 
direction of a first radio wave transmitted by a prede- 
termined mobile station when said mobile station is not 
receiving a predetermined second radio wave; and 

a second radio wave transmitting step of transmitting, in 
the arrival direction of said first radio wave detected, 
said second radio wave having a frequency different 
from a frequency of said first radio wave. 

6. A mobile station carrying out communications with a 
base station comprising: 

a first radio wave transmitting means for transmitting a 
first radio wave; 

a second radio wave receiving means for receiving a 
second radio wave transmitted by said base station in 
an arrival direction of said first radio wave when said 
base station is receiving said first radio wave; and 

a transmission control means for stopping, when said 
second radio wave means is receiving said second radio 
wave, the transmission of said first radio wave by 
controlling said first radio wave transmitting means. 

7. A transmission control method by a mobile station for 
controlling transmission of a radio wave, said method com- 
prising the steps of: 
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receiving a second radio wave transmitted from said base 
station in an arrival direction of a first radio wave when 
said base station is receiving said first radio wave; 

permitting transmission of said first radio wave when said 
second radio wave is not being received from said base 

inhibiting transmission of said first radio wave when said 
second radio wave is being received from said base 

8. A transmission control program by a mobile station for 
controlling transmission of a radio wave, said program 
comprising the steps of: 



receiving a second radio wave transmitted from said base 
station in an arrival direction of a first radio wave when 
said base station is receiving said first radio wave; 

permitting the transmission of said first radio wave when 
said second radio wave is not being received from said 
base station; and 

inhibiting the transmission of said first radio wave when 
said second radio wave is being received from said base 
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^ScsK^j-f^f 'J7-fe>X£tf 5„ 
[0 0 6 5] ^KlM 3 B, * i- y 7-fe >*ig S cs©$ff 
H^^^^^SffH^SM*S©^, »ttM2^6 
EMIg^tt^3©^(filtC|6]W-r+f VTteZ'ZmScsifim 
ft § ftr *s 6?\ SttJf 2 #> e.Mfc^»jf 3 ©^[fijKB 
Hiif ^©ffi©»ttJf 4 ^ ??a L,-r^^L^©£L,-r, 7 

? 7* y > ^ ?g s up© mm % m^r 5 „ 
[0066] ^ orsaif 2 B7 y' y > i^gs up ^s 
fit" § £ > e^i^7 ? ^ y > #?g s upOPJsR^ifiiKifiiwr 

[0 0 6 7] CtltC*fLT#ttM3B, +t'J7^ 
?g S cs©^ff l/^WSfi S^SiSffl^iOW^. 

mmm 2 #> s> m&Mmm 3 ©#fa(cfa w t * + y r > 
s cs^sif s *s <o , site 2 *> h wcmwm 3 

©Tjftfc, ^tfi©te©gJtrJf 3 (,>£&©£ 
[0 0 6 8] K±©KKJ;n«, SifiJf 2 *i7 y ^ V 

>^igs upoiijs^Kisiwt:* + y 7-fe>xigScs£ 

SHITS.fcSfcOfciifcfc, #»Jf3^tt+f 'J7 

s cs©sftm^^BiTStf*ii©^^7 ? ^ y > 

i>i& S up^Sff L , gfs «^*iBTSffi«±©JS^T » ^ 

y > i'ig s up©^ft?:43±-r s «t -5 fc Lfc c £ k «t d , 
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mfc^^A * t »&mm 3 isi±k-3 b p d m a ^ 
sec j: 5 gmftrnzmzn 5 c t *sr * s . 

[0 0 6 9] ( 6 ) ffi©^fe©JfJ«J 
^fc±5E©5lte©?f^JfCfc^r B, 7 #7 r ^ 7*7 
7>r^ ; £ffl^r3f' 1 ?>y>i'i«S downS y 7 -fe 

> ^ m. s cs©aft , ife wc 7 ^ > jg s up* 'gftt- 

SJ:^{cLfc*5. *^Bj§BCtiicp:g?»f'. M^tifg^tt 
^#T57>r^*^^«Sffl^fc'er«)a§tifc-fe 
10 ^i'7>r^ ; &ffiOSJ; "5CcLTfefit,\ C©ti^r 

fe. 7 y y y > i'jgs up©H**^ic^tt^iti]wr * 
+ y7-fe>x^scs^jiffr2>c£^r^, _haLfcii 

[0070] § ^Ki^onaio^ggccfc^TB, mm 
m 3 ©fwasp 3 4 AJ^sfT "sro Micmifi § titcmmm 
my ^-5 a Kg£ r + +• y 7 -fe >x ^ 7 ^ y > 

i'S S up©^{f jiff -T S ^ K Lfc^, *|gB)5B 

7A«»«f*^#»Jf 3(C^>^ h"^-rS£l£(Cj;t3 

[0 0 7 1] ±2tv/cMf«7°n?7A£#t!i)33K 
-Y>^ f--ji/-rSfcto©^n^5AfStt«f*£L-rB 1 

Witf7 0'vf" O&fSS) f^Xi', CD-ROM 
(Compact Disc-Read Only Memory ) , DVD (Diqita 
1 Versatile Disc) fO^^-Wf -(7©^6 

IK 

[0 0 7 2] 

30 mmo^m] ^mox^ic^mm^^tiu, &mm& 

©^l©ft£|^ ; &^lf-r^J;^CcOfcC£fcJ;f] 1 S 

ffln*6©^M^3 < m#»ntr sfct>;g»jf k± 
©^B#aif £ £ fcK, aa^^6©#^M^ 

40 mwommumm 

[0 2 ] ^|H(cJ;SSJ;ffijf©fi^^t-^n i'lf 
[03] *«|H(ciS#»^©#^^7'i3 7^Hr 
[04] y7-fe>^?S©^ff f 3>^^-TBSS 
[^©W] 

50 1 wifti'XrA, 2 3 mm 





0 4 ^-V'JT-tzVXaSCD&ffif -T5>? 




02 *%W\-&Z&Mfi 



